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• 5G phased array  – why phase accuracy is the key 
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• Challenges for Multi-channel phase calibration 

 

• Proposed phase calibration method for 5G phased 
array  

 

• Results and conclusions 



5G Beamforming and MIMO 



Phased Array 2x2 and mxn Channel 

• More channel/element means 
sharper beam and higher gain; 

 

• Demands higher phase shift 
accuracy; 

 

• Some 5G testbed, 128 x 128 array 
are proposed. 
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Phased Array Transceiver Architecture 

• Key components: Phase shifter, Attenuator 

 

• Key specs: Channel phase consistency, insertion loss 
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Ideal multi-channel phased-array 

A) Each channel, w. same control word: 

• Identical phase shift amount  

• Identical attenuation amount 

 

B) Phase stays constant when attenuation state 
changes, and vice versa 



Actual multi-channel phased-array 

A) Each channel, w. same control word: 

• Phase shift amount non-identical 

• Attenuation amount non-identical 

 

B) Phase changes when attenuation state 
changes, and vice versa 

Traditionally, need full calibration for each channel. 



Phase Shifter – Analog vs. Digital 

Analog Phase Shifter Digital Phase Shifter 

Insertion Loss Lower Higher 

Freq Bandwidth Wide Narrow 

Phase Resolution < 1° (limited by DAC) 5.625° (for 6bit) 

Monotonic Response Yes No 

Bias Requirement Single positive voltage Need negative bias 

IP3 Lower Higher 

Multi-channel Phase 
Calibration Ready 

Yes No 



Analog Phase Shifter Work w. DAC 

• DB0~DB7: Digital 
control word from MCU 

 

• Vref: ref voltage for DAC 

 

• Vt = D • (Vref), for 8-bit 
DAC，D = 0 to 255/256. 
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Sicore MMIC Product Lines 
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Sicore 5G Portfolio 

website: www.sicoresemi.com                  EDI Booth #: 605 

http://www.sicoresemi.com/


SIP052 Analog Phase Shifter – SPECS 



Measured Results 
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Analog Phase Shifter Product Line：1 – 31.5GHz 
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Frequency Coverage（GHz） 

   Ultra-wideband APS 180 deg     Wideband APS 360 deg 



Measured Phase Shift Distribution 

3-6GHz phase shift amount distribution from a same batch lot at Vt=14V. 

Need for Innovated Channel Phase Calibration ! 

a cyclic convergence process using the regression algorithm to continuously adjust the 

phase and attenuation amount for each state of the channel. 



Multi-channel Phase Calibration Steps 

1. Reference channel – full calibration 

 

2. Fast calibration for the rest channels based 
on REF channel calibrated data 



Phase shift vs. Vt - different channels @4.5GHz 

Channel B, phase shift PB 

Channel C, phase shift PC 

Ref Channel 

A, 

phase shift PA 
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Channel Phase Calibration Steps 
@4.5GHz 

Phase Shift Error of Channel B Compared to Channel A 

Phase Shift Error of Channel C Compared to Channel A 

Reference Channel A 

DAB=PB-PA 

DAC=PC-PA 

Calibration Function F(DAB)  

Calibration Function F(DAC) 
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Phase shift error after calibration 
@4.5GHz 

Phase shift error after calibration (channel 

B) 

Phase shift error after calibration (channel 

C) 
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Channel Phase Calibration Steps:  
more sections/anchor points 

Phase Shift Error of Channel B Compared to Channel A 

DAB2=PB2-PA2 

DAC2=PC2-PA2 

Calibration function  

F1(DAB1) 

Phase Shift Error of Channel C Compared to Channel A 

DAB1=PB1-PA1 

DAC1=PC1-PA1 

Calibration function F2(DAB2) 

Calibration function  
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Phase Shift vs Frequency – different channel 
@Vt=13V  

Channel B 

Channel C Ref channel A 

• Phase shift difference stays constant over frequency  

• Calibrate at a single frequency (e.g. @4.5GHz), apply 
to full frequency band.  
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Channel B，4.5GHz Channel B，3GHz 

Channel B，6GHz 

Channel C，3GHz 
Channel C，4.5GHz Channel C，6GHz 

Phase shift error after calibration  
@3, 6GHz 
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Conclusions 

• Proposed a novel phase calibration method 
for multi-channel 5G phased-array 

 

• Achieved lowest time, data space consuming, 
while keeping precision of  <1o over wideband 

 

• Sicore’s analog phase shifters are the best 
candidate for 5G phased array  
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